Introduction
Surface-consistent amplitude corrections are one of the key steps used in land seismic time processing to correct for amplitude variations generated by a complex near-surface on recorded data. In some Middle East areas, a combination of sand dunes, sabkhas, and gravel plains cause significant amplitude variations on well-known reservoir targets. In such conditions, the two-term conventional surface-consistent amplitude flow is often insufficient to fully compensate for both the mid and long wavelength amplitude variations and the regional amplitude trend. Wiggins et al. (1976) believed that the natural repository for the long wavelength components remains in the structural term (i.e., the bin term). However, the four-component surface-consistent system of equations contains quadratic order indeterminacies (Taner & Koelher, 1981) , meaning that mid and long wavelengths are difficult to isolate, whatever the number of terms used for the inversion. Over the years, different approaches were intended to improve mid and long wavelength surface-consistent solutions: first, Cary and Lorentz (1993) smoothed the bin term in an iterative process, and then Millar and Bancroft (2006) used a multi-grid method approach. As for Wiggins et al. (1976) , they stated that external information is required to obtain a geologically plausible solution for the longer wavelengths. A two-term decomposition, such as for the source and receiver, is the only way to reduce uncertainties on the inversion result to a constant. Generally, this two-term inversion properly resolves the high-frequency part of the surface-consistent amplitude variation, but will encounter difficulties when solving the mid and long wavelengths. In this paper, a second pass of a two-term inversion is constrained through a fixed bin term computed from the amplitude variation of a shallow reflector. A reflectivity coefficient map derived from well information can be added to this bin term to impose a regional amplitude trend. We illustrate the benefit of such an approach on a 3D wide-azimuth survey acquired by the Abu Dhabi National Oil Company on a very challenging onshore area (Mesaabi et al, 2012) . This is characterized by variable near-surface layers alternating between high sand dunes, sabkhas and gravel plains (Figure 1a ). These near-surface characteristics generate major amplitude imprints at reservoir target levels. The DataConstrained Surface-Consistent Amplitude Correction (DCSCAC) method presented in this paper allows us to collect the high, mid, or long wavelengths in the source and receiver terms to properly correct for amplitude variations caused by near surface layers at main target levels.
Description of the Method
The root-mean-square (RMS) amplitude value of a seismic trace, computed within a defined time window is used in the surface-consistent equations (Taner and Koelher, 1981) . Each RMS amplitude A is decomposed into a combination of two terms: a source term AS and a receiver term A R as:
A = ASAR The log domain is used and the system is solved using a least-squares approach (Garceran and Le Meur, 2012) . In the two-term decomposition, the solution is offset by a constant, which means that the true solution only differs by an unknown scalar. Some other terms can be added to refine this model, such as the bin term A B , referred to as the structural term, expected to be of use for the mid and long wavelength variations. Each RMS amplitude is decomposed as follows: A = ASARAB However this three-term decomposition has a hidden cost in the form of increased uncertainty on the value of each individual term. The DCSCAC flow only uses source and receiver decompositions. A two-term inversion usually allows us to correct the high-frequency amplitude variations but cannot fully resolve the mid and long wavelength variation. To overcome this we perform a second two-term inversion with a fixed bin term to distribute remnant mid and long wavelength amplitudes in the final source and receiver terms. In our novel approach, a target must be identified: the latter is a time interval around a strong and shallow reflector showing mid and long wavelength amplitude anomalies that cannot be corrected by the first pass of the Surface-Consistent Amplitude Correction (SCAC) flow. A strong hypothesis is made that the final amplitude of this targeted reflector should be considered either constant or preferably proportional to any provided regional amplitude trend derived from well data (such as the reflectivity coefficients). The DCSCAC flow (Figure 2 ) is performed in three main steps. The first step consists of a conventional SCAC flow targeting the chosen horizon with a source and receiver decomposition (Step 1 in Figure 2) . In a second step, an amplitude map is computed around the target after a stack of corrected traces from Step 1. These amplitude values can be combined with a reflectivity coefficient map derived from well information to incorporate the regional amplitude variation (Step 2 in Figure 2 ). The amplitude map computed in Step 2 will act as a constraint through the fixed bin term in a second inversion, referred to as the DCSCAC inversion. In this DCSCAC flow (Step 3 in Figure 2 ), where we start again from the initial pre-stack data around the targeted time window, the bin term that is not solved but fixed constrains the resolution of the surface-consistent general equations where the new source (S') and receiver (R') components are forced to contain the mid-wavelength amplitude variation. If additional information from wells is used to build the constraint, the true regional amplitude trend is incorporated into the new source and receiver terms. The DCSCAC amplitude corrections to be applied to the input data are the S' R' terms.
Example
The Abu Dhabi National Oil Company (ADNOC) acquired high-fold wide azimuth 3D land data in a sabkha and high sand dune area (Figure 1a) . After a first two-term SCAC inversion, the corrected data still suffered from mid and long wavelength amplitude variations at reservoir targets ( Figure 1b) . The amplitude under the sabkha areas (red on Figure 1a ) does indeed correspond with high amplitudes (blue on Figure 1b ), whereas the sand dune zones (in yellow/green on Figure 1b ) correspond with weaker amplitudes. This result contradicts the amplitude modeling based on the well data and confirms that mid and long wavelength amplitudes that remained after the first two-term SCAC are a remnant of the near-surface layers (Figure 1b) . A clear improvement is obtained after the DCSCAC, where the remnant mid and long wavelength imprint from the near-surface has been removed from the amplitude around the targeted shallow horizon (Figure 1c ). Stack pictures on the crossline and inline directions illustrate the benefit of this new flow (Figure 3 and 4) . After the first two-term SCAC, a decrease of the amplitude is clearly observed on shallow and deep targets (see red arrows). Amplitude anomalies are clearly related to alternation of sabkha and sand dune areas as illustrated on the elevation curves (Figure 3 ). After DCSCAC (Figure 4) , the amplitude variations caused by the remnant of the near-surface layers have been well-corrected, especially on the crestal part of the anticline as well as on the shallow reflectors (red arrows).
Conclusions
The Data-Constrained Surface-Consistent Amplitude Correction method uses a fixed bin term and external constraint such that the inversion process distributes its mid and long wavelength components into the source and receiver terms. This approach offers clear benefits in correcting with a two-term inversion, and at the same time, short, mid, and long wavelength amplitude variations with minimum uncertainty. However, a strong and shallow reflector showing amplitude variations to be corrected must be targeted, and a hypothesis on its amplitude variation, either constant or proportional to an external map, such as reflectivity coefficients from well data, must be made. If these conditions are fulfilled, this technique allows us to correct the amplitude variation caused by near surface layers with great efficiency. 
